Unusual progression of herpes simplex encephalitis with basal ganglia and
extensive white matter involvement by Ono, Yoichi et al.
Neurology International 2009; volume 1:e9
Unusual progression of herpes
simplex encephalitis with basal
ganglia and extensive white
matter involvement
Yoichi Ono,
1 Yasuhiro Manabe,
1
Hirotake Nishimura,
3 Syoichiro Kono,
1
Hisashi Narai,
1 Nobuhiko Omori,
1
Yoichiro Nanba,
2 Koji Abe
4
1Department of Neurology and
2Neurosurgery, National Hospital
Organization Okayama Medical Center,
Okayama, Japan; 
3Department of
Pathology, Kawasaki Medical School,
Kurashiki, Japan; 
4Department of
Neurology, Graduate School of Medicine
and Dentistry, Okayama University,
Okayama, Japan
Abstract 
We report a 51-year old male with herpes
simplex encephalitis (HSE) showing unusual
progression  and  magnetic  resonance  (MR)
findings.  The  initial  neurological  manifesta-
tion of intractable focal seizure with low-grade
fever  persisted  for  three  days,  and  rapidly
coma, myoclonic status, and respiratory failure
with high-grade fever emerged thereafter. The
polymerase  chain  reaction  (PCR)  result  of
cerebrospinal  fluid  (CSF)  was  positive  for
HSV-1  DNA.  In  the  early  stage,  MR  images
(MRI) were normal. On subsequent MR diffu-
sion-weighted  (DW)  and  fluid-attenuated
inversion  recovery  (FLAIR)  images,  high-
intensity areas first appeared in the left frontal
cortex,  which  was  purely  extra-temporal
involvement, and extended into the basal gan-
glia, then the white matter, which are relative-
ly  spared  in  HSE.  Antiviral  therapy  and
immunosuppressive therapy did not suppress
the  progression  of  HSE,  and  finally  severe
cerebral edema developed into cerebral herni-
ation, which required emergency decompres-
sive craniectomy. Histological examination of
a biopsy specimen of the white matter detect-
ed perivascular infiltration and destruction of
basic structure, which confirmed non specific
inflammatory change without obvious edema
or demyelination. The present case shows both
MR and pathological findings in the white mat-
ter in the acute stage of HSE.
Introduction
In herpes simplex encephalitis (HSE), the
gray matter of the temporal and frontal lobes is
predominantly destroyed by many foci of hem-
orrhage  and  necrosis.
1 The  lesions  usually
begin either unilaterally or bilaterally in the
medial temporal cortex with bilateral spread
along  limbic  pathways  to  the  orbital  frontal
lobe  and  insular  cortex.  Parietal,  occipital,
brainstem,  internal  capsule,  and  cingulate
gyrus  involvement  often  occurs  with  further
spread, but the basal ganglia and lobar white
matter are relatively spared.
2 Here, we report a
case of HSE with basal ganglia and white mat-
ter  involvement  evident  on  MRI  during  the
acute stage, which presented with unusual and
severe  progression.  When  there  was  no
response to medical management of HSE, we
had  to  use  surgical  decompression.  Pathol-
ogical findings of HSE during the acute stage
indicated involvement of the white matter. To
our knowledge, this is the first report which
shows both MR and pathological findings in
the  white  matter  during  the  acute  stage  of
HSE.
Case Report
A previously healthy 51-year old male pre-
sented with the sudden onset of generalized
tonic clonic convulsion. After two hours he was
admitted to our hospital. The convulsion had
terminated spontaneously after thirty minutes.
On admission, he had no headache, was not
vomiting, and had a low-grade fever of 37.4°C.
There were no obvious motor or sensory abnor-
malities, and his reflexes were equal bilateral-
ly  in  both  the  upper  and  lower  limbs.
Meningeal signs were absent. Physical exami-
nation was unremarkable. A hemogram, uri-
nalysis, and other chemical studies exhibited
normal results. MRI on admission (three hours
after onset) was normal on T1, T2, diffusion-
weighted (DW) and fluid-attenuated inversion
recovery (FLAIR) images. 
One hour after admission, clonic convulsion
in  his  right  arm  emerged  without  impaired
consciousness. The focal seizure could not be
controlled by diazepam, phenytoin and midazo-
lam infusion. This refractory focal seizure per-
sisted until day 3 without other neurological
focal signs, and a second MRI on day 2 was
normal on T1, T2, DW, FLAIR, and gadolinium-
enhanced T1 images. Electroencephalography
(EEG) on day 2 showed left parietal focal slow
θ activity  without  epileptiform  discharge.
Titers for common viruses (HIVs, Epstein-Barr,
cytomegalovirus,  herpes  zoster,  and  herpes
simplex),  bacteria,  and  toxoplasmosis  were
negative.  Tests  for  autoantibodies  (antinu-
clear,  anti-deoxyribonucleic  acid,  and  anti-
ribonucleoprotein  antibodies),  lupus  erythe-
matosus factor, syphilis serology, p-and cANCA
were  all  negative.  The  patient’s  serum
angiotensin-converting enzyme level was nor-
mal.  Cerebrospinal  fluid  (CSF)  examination
on day 3 showed no abnormality, and no herpes
simplex virus (HSV) DNA was demonstrated by
polymerase  chain  reaction  (PCR).  Cytology
and culture of the CSF for bacteria, tubercu-
lous bacillus, and fungi were negative.
On day 4, he became unconsciousness and
rapidly comatose. Axial DW and FLAIR images
on day 4 revealed high-intensity areas in the
left  frontal  cortex  (Figure  1A).  The  clonic
seizure in the right arm changed to myoclonic
status  in  the  mouth,  diaphragm,  and  right
arm. Additionally, respiratory failure necessi-
tated artificial ventilation under anesthesia.
Continuous propofol infusion did not suppress
the  myoclonic  status  migrating  around  the
four limbs, from the right arm to the right leg,
the right leg to the left arm, and the left arm to
the left leg, every other day. After the myo-
clonus in the left leg disappeared, myoclonic
status persisted in the diaphragm alone. High-
dose barbiturate therapy instead of propofol
did not resolve this intractable myoclonic sta-
tus in the diaphragm. EEG on day 7 revealed a
burst-suppression  pattern  observed  during
barbiturate coma. Axial DW and FLAIR images
on day 9 revealed high-intensity areas; bilater-
ally widespread in frontoparietal cortex, medi-
al  temporal  lobe,  insula,  and  putamen  with
left-sided  predominance,  additionally  in  the
frontal orbital lobes bilaterally, in the left cau-
date nucleus, and the thalamus (Figure 1B).
On lumbar puncture, CSF pressure was 400
mm H2O, cell count was 16/mm
3 (56% mononu-
clear  cells),  CSF  protein  concentration  and
glucose  were  normal  at  27  and  98  mg/dL
(blood glucose 115 mg/dL), respectively, and
the PCR result was positive for HSV-1 DNA. A
diagnosis of HSE was made, and acyclovir was
administered on day 9, but did not suppress
the  emergence  of  the  diaphragmatic
myoclonic  status.  Fever  increased  to  high-
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[page 32] [Neurology International 2009; 1:e9]grade, and coma persisted, so artificial venti-
lation did not require sedation. Axial DW and
FLAIR images on day 16, compared with the
previous MRI, demonstrated more widespread
lesions indicating frontoparietal involvement,
progression  of  left  thalamic  high-intensity
areas, and swelling sufficient to cause midline
shift to the right and distortion of the lateral
ventricle (Figure 1C). 
Cerebral  edema  worsened,  and  adjunctive
immunosuppressive  (steroid  pulse  therapy
and intravenous immunoglobulin) and high-
dose  anti-edematous  therapies  were  added.
CSF examination on day 20 revealed a 37/m
3
cell count (65% mononuclear cells) and pro-
tein concentration of 340 mg/dL. Axial DW and
FLAIR images on day 23 showed high-intensity
areas  in  the  white  matter  adjacent  to  the
affected gray matter, and cerebral edema wors-
ened catastrophically (Figure 1D). One hour
after the MRI was performed (on day 23), sud-
den  hypotension  and  mydriasis  emerged,
which  suggested  cerebral  herniation.
Emergency  decompressive  craniectomy  was
required. Surgical decompression resolved the
cerebral herniation, and rescued our patient
from death.
Despite  this,  coma,  diaphragmatic  myo-
clonic status, and high-grade fever persisted
without functional recovery. During the sur-
gery, a brain biopsy of the left frontal white
matter was carried out. Histological examina-
tion detected perivascular infiltration of lym-
phocytes  and  destruction  of  basic  structure
(Figure 2A, B). Viral inclusion bodies were not
detected. Some of the neurons were immuno-
histochemically  positive  for  HSV-1  antigen.
Obvious  edema,  demyelination  and  axonal
reduction were not seen (Figure 2C, D).
Subsequently, axial DW and FLAIR images
on day 30 displayed the extensive white matter
lesions extending into the lower midbrain and
pons despite surgical decompression (Figure
3A). Resolution of high-grade fever coincided
with amelioration of diaphragmatic myoclonic
status, while coma and decorticate states per-
sisted. At four months after onset, this patient
remained in a comatose and decerebrate state
under artificial ventilation. The patient with
severe  sequelae  of  HSE  was  transferred  to
another  hospital.  Two  years  after  onset,  an
axial  FLAIR  image  showed  cerebral  atrophy,
severe ventricular dilatation and multiple cys-
tic changes (Figure 3B).
Discussion
Typically, MRI abnormalities in HSE are seen
in the temporal and frontal lobes, and the basal
ganglia and white matter are relatively spared.
Early diagnosis of HSE is difficult because of
the finding of a normal MRI or a purely extra-
temporal  involvement.  Clinical  diagnosis  is
suggested by the febrile patient with focal neu-
rologic signs, and the most important factor in
the diagnosis of HSE is the consideration of
this  diagnostic  possibility.
3 Hence,  if  HSE  is
suspected, treatment should be started before a
definitive diagnosis is made. Early administra-
tion of antiviral therapy is the only parameter
that can be modified to improve the prognosis
of the patient with HSE.
4
In  our  case,  MRI  and  CSF  examinations
were normal until day 3, and the initial abnor-
mal DW and FLAIR images on day 4 revealed
purely  extra-temporal  involvement,  which
delayed antiviral therapy. MR findings in this
case have two characteristic points. First, the
initial lesion was seen in the left frontal cor-
tex, and extended to have an unusual distribu-
tion into the basal ganglia, i.e., from purely
extra-temporal involvement, which are usually
spared in HSE. Additionally, MRI on days 9 and
16 showed thalamic involvement. In infectious
encephalitis, bilateral involvement of the basal
ganglia and thalamus is characteristic of fla-
vivirus encephalitis, like Japanese encephali-
tis.
5 Therefore  this  case  suggested  that  MR
findings, which displayed purely extra-tempo-
ral involvement in the early stage and subse-
quently  basal  ganglia  and  thalamic  involve-
ment, did not rule out HSE conclusively. 
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Figure 1. Progressive white matter change in herpes simplex encephalitis. Axial fluid-
attenuated inversion recovery (FLAIR) images: (A) on day 4, showing high signal intensi-
ty in the left frontal cortex, and (B) on day 9, showing high signal intensity in the fron-
toparietal cortex bilaterally, medial temporal lobe, insula, and putamen with left-sided
predominance, and in the frontal orbital lobe bilaterally, left caudate nucleus, and thala-
mus. The high-intensity areas in the gray matter shown on day 9 increased: (C) on day 16,
except in the basal ganglia (caudate nucleus, putamen), especially in the left thalamus,
which caused midline shift to the right, and (D) on day 23, extending to the white mat-
ter, causing an increased midline shift to the right and cerebral edema.Second, MRI revealed the extensive white
matter  involvement  adjacent  to  the  affected
gray matter, in parallel with monophasic clini-
cal worsening. This white matter involvement
appeared on day 23, during the acute stage. In
this report, acute stage means the stage of the
illness  where  the  symptoms  are  the  most
severe before recovery. This acute white mat-
ter involvement revealed high-intensity areas
on  DW  and  FLAIR  images,  and  especially
markedly  high  intensities  on  DW  images.
Several reports have described white matter
lesions that appeared several weeks or months
after  the  onset  of  illness,
2,6-12 not  during  the
acute stage like the present case but during
the  subacute  or  chronic  stage.  The  delayed
white matter lesions appeared with or without
deterioration of conditions after the discontin-
uation  of  the  acute  stage,  which  developed
independently  of  the  affected  gray  matter
lesions.
There have been no reports regarding inten-
sities on DW images in delayed white matter
involvement. The mechanism underlying the
delayed white matter lesions has not been elu-
cidated,  and  an  immune-mediated  complica-
tion, such as edema or demyelination, is sus-
pected.
2 Besides, another two mechanisms are
possible:  the  occurrence  of  late-onset  symp-
toms of the initial viral infection, and recur-
rence of viral replication (as a result of incom-
plete treatment of the initial HSE or by selec-
tion of clones of an acyclovir-resistant virus).
13
One autopsy study of HSE with delayed white
matter  involvement  showed  diffuse  edema,
without  demyelination  or  viral  inclusion.
11
Another  biopsy  study  of  HSE  with  delayed
white matter involvement revealed cell-medi-
ated demyelination without reactivation of the
HSV infection.
14 In the present case, the acute
white matter involvement appeared adjacent to
the affected gray matter with high intensities
on DW images. The speculated mechanism of
the acute white matter involvement was direct
invasion of HSV different from that with the
delayed change.
2On the other hand, it was pos-
tulated at the autopsy that focal perivascular
myelin destruction in the white matter, with-
out recovery, was dependent on the immune
response.
15 That is to say, the speculated mech-
anism underlying either the delayed or acute
white  matter  involvement  of  HSE  has  been
controversial. Microscopic findings of the biop-
sied  tissue  obtained  in  acute  white  matter
involvement  demonstrated  perivascular  infil-
tration  and  destruction  of  basal  structure,
which  confirmed  non  specific  inflammatory
changes.
Viral inclusion bodies were not detected. A
brain biopsy was carried out on day 23, after
acyclovir administration, which demonstrated
some of the neurons to be immunohistochem-
ically  positive  for  HSV-1  antigen.  Thus  we
could not conclude that the acute white matter
involvement was not a result of direct invasion
of HSV. Obvious edema, demyelination, axonal
reduction, and swelling, which could suggest
the mechanism underlying the white matter
involvement  of  HSE  during  the  acute  stage,
were  not  seen.  There  was  a  discrepancy
between nonspecific pathological findings and
the unusual clinical course of the present HSE,
including  MR  findings.  Hence,  it  is  still
unclear from the histology whether the acute
white matter involvement is because of direct
invasion of HSE, like the affected gray matter,
or secondary inflammatory change or both, but
combination  therapy  with  antiviral  therapy
and immunosuppressive therapy did not con-
trol the condition. Although the white matter
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Figure 2. Microscopic findings of the biopsied tissue in the left frontal lobe (A, B, C, D).
(A) and (B, arrows): perivascular infiltration of lymphocytes and destruction of basic struc-
ture, which confirmed non specific inflammatory change, hematoxylin-eosin stain, ¥10
and ¥40, respectively. (C): no obvious demyelination, Kluver-Barrera stain, ¥10. (D): no
definite axonal reduction or swelling, Bodian stain, ¥10. 
Figure 3. Axial FLAIR images: (A) after surgical decompression showing high signal inten-
sity in the frontotemporoparietal lobes bilaterally, left occipital lobe, basal ganglia bilater-
ally, left midbrain, and pons, and (B) two years after onset showing cerebral atrophy, severe
ventricular dilatation, and cystic change in the frontal lobes, with left-sided predominan-
cy, and in the left thalamus.involvement had not extended into the medul-
la oblongata on MRI, prolonged respiratory fail-
ure necessitated artificial ventilation. There  -
fore, it was possible that the respiratory cen-
ters  located  in  the  medulla  oblongata  were
injured despite there being no corresponding
involvement on MRI.
The  present  case  resulted  in  neurologic
deterioration because of cerebral edema and
herniation despite antiviral, immunosuppres-
sive, and anti-edematous therapies. Emergen-
cy decompressive craniectomy prevented death
as a result of cerebral herniation, but lead to
severe neurological sequelae. Matthew et al.
(reported by Adamo and Deshaies, 2008) dis-
cussed cases of infectious encephalitis includ-
ing HSE, which resulted in excellent recovery
after  surgical  decompression.
16 The  reason
that  surgical  decompression  did  not  lead  to
improvement  in  the  present  case  may  be
attributed  to  the  devastating  white  matter
involvement,  sufficient  to  extend  into  the
brainstem and cause injury to the respiratory
center  even  after  surgical  decompression.  If
extensive  progression  into  the  white  matter
could have been prevented, the sequelae would
not have been as severe as in the present case.
Therefore, further investigation of the mecha-
nism underlying the white matter involvement
of HSE during the acute stage is needed.
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